When we speak in a general way of slowly growing or rapidly growing bacteria, we mean to indicate that under identical conditions, they grow at different rates. If we wish to compare widely different bacteria, it would not be wise, or even possible to choose identical conditions, because what is optimal for one species might be impossible for others. The only means for comparison is the maximal growth rate, the rate of cell division under optimal conditions. Here again, the question can be raised in each individual case whether the conditions are really the very best possible. It can never be absolutely denied that further improvements are possible, therefore this question need not be discussed at length. The compilation (table 1) gives the fastest growth rates which have been observed with the various species.
The growth rates are stated as generation times, i.e., as the average time required for the cells to double at the period of fastest growth.
Most of the data are from the literature; some have been computed from experiments by the author. Lack of space forbids quotation of the extensive literature; the references may be found in a thesis for the degree of MS. by the author, at Cornell University, with the same title as this paper.
The bacteria are grouped in genera arranged in the same order as in Bergey's Manual.
The compilation shows that the growth rate is frequently characteristic of the group, or genus. colon-aerogenes group are the most rapidly growing bacteria, doubling in less than twenty minutes. Some of the larger sporeforming bacilli also reach this rate. Eberthella, Salmonella and Proteus multiply not quite so readily, requiring twenty to thirty minutes. This is also the rate of Vibrio cholerae; the other Vibrios mentioned may not have had optimal conditions. The staphylococci and streptococci have a generation time of twenty-five to thirty-five minutes as a rule. The same holds true for the diplococci, with one exception. Much slower are the polar flagellates. Pseudomonas fluorescens or Ps. pyocyanea could not be made to double in less than thirty minutes, and forty minutes is more nearly the average. Slower still is the growth of the plant pathogenic group. In all experiments by the author with Phytomonas phaseoli and Ph. campestris, the growth curve consisted of two sigmoid curves, one following the other. Since this was observed in 5 experiments with this genus, and never with any other genus, it must be considered characteristic of Phytomonas. This makes a precise statement of the generation time impossible; but it is more than one hour.
The large sporeformers, with the exception of B. megatherium, multiply very rapidly, the fastest of all being the thermophilic species. Mudge considered even a generation time of about ten minutes as possible, but Hansen's extensive plate counts showed sixteen minutes to be the limit of his species.
Corynebacterium is a fairly slowly growing bacterium; the related Mycobacteria are much slower, the pathogenic species even more so than the parasitic organisms. The slowest of all is probably the group of Nitrobacter and Nitrosococcus, the true prototrophic bacteria.
Azotobacter grows more rapidly in media containing organic nitrogen than in a medium lacking this constituent. Not enough data were available to determine whether or not this is also true of Rhizobi SCUMARY Under the most favorable conditions, different bacterial species show decided differences in growth rate.
In many cases, the growth rate is characteristic of the genus, and it seems permissible to speak of a genus as being rapidly growing, slowly growing, or of a medium growth rate. The genus Bacillus contains species with rapid as well as with medium growth rates.
